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This chapter describes the general stratigraphy of the sediments

overlying the basalt bedrock in the Cold Creek syncline. included is a

brief discussion of their distribution, lithology, stratigraphy, and age

relationships in the Pasm Basin and a more detailed discussion for the

nestern Cold Creek syncline area across the RRL.

The study of these sediments is important to the identification and

evaluation of candidate sites for a repository because: ( 1) Plio-Pleis-

tocene geologic history of the Cold Creek syncline area is recorded in

these sediments; ( Z) physical properties of these sediments, especially

their lateral variations, affect the ability of seismic reflection sur-

veys to resolve details of bedrock structure in the underlying basalt;

(3) shaf ts constructed in the RRL will penetrate these sediments and

require cnowledge of their character; and (4) surface facilities con-

structed on or in these sediments will require information on their

engineering properties.

The post-Columbia River Basalt Group sediments of the Cold Creek
syncline are composed of two major units (Fig. 2-1): ( 1) Ringold Forma-

fV tion, a Mieeene-Pliecene fluvial unit with some lacustrine facies; and

(2) Pleistocene glaciofluvial sediments, informally termed the Hanford
® formation. Deposition of the Ringold Formation by ancestral streams

ftowing through the Pasca Basin started shortly after cessation of basalt
,y flows. Talus and alluvium deposited on the flanks of basaltic ridges

during Ringold time are also included in the Ringold Formation. The

cy. Hanford formation was deposited by catastrophic floodwaters which inun-

dated the Pasco Basin when ice dams impounding glacial lakes failed in

Montana, Idaho, northern Washington, and southern British Columbia. Minor

units inciude the Pleistocene and Holocene talus, coiluvium, alluvium,
landslide debris and loess, and Holocene dune sand.

?REVlOUS WORK

:nvestigations of the sediments in the Cold Creek syncline area began

durina t::e 1940s during canstructien of the Hanford Site facilities in the

200 cast and 200 West Areas and have continued since then with ongoing

constrex t'.en and groundwater-monitoring investigatiens (?Jeweomb and Strand,
1353; 3rown, 1959; tlewcome and others, : 972; Liverman, 1975; Routson and
Fec.^t, 1919; Tallman and others, 1979). additional work was completed by
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Washington Public Power Supply System, Inc. (%JPoSS, 1977, 1981) and
recently by Northwest Energy Services Comoany. A summary of regionat
and Pasco Basin post-Columbia River basalt geoiogy is presented in
Myers, Price and others (1979).

METHODOLOG'f

Reconnaissance field mapping (1:62,5C0) of sediments in the Cold
Creek syncline was comoleted in 1978 (Lillie and others, 1978; Myers,
Price and others, 1979) and more detailed fi eld ,naooing (1:24,000) Is
crr"entiy being done by Rockwell.

Investigations of subsurface sediments in the Cold Creek syncline
utilize primarily driller's logs and samoie9 from boreholes. These bore-
holes were drilled using cable-tool, mud and ai* rotary, and diamond-

. coring drilling methods ( Fecht and Lillie, i n press; also see Aopendix A).
The quality of driller's icgs and sediment s amples is variabie and is
considered in the interpretations oresented in this reoort. Granutcme*.ric
analyses and calcium carbonate ( CaCO3) determinationswere compieted on

f^ sediments from selected boreholes to aid in delineation and correlation of
major facies changes within the Hanford and Ringold Formations. Geoohys-
ical logs are available for some boreholes, and some •reas are covered by
geoohysical surveys ( see Appendix B).

i^
Palecmagnetic analyses of sediments from the Ringold Formation were

^ completed for exposures along the Cotumoia R iver and for three core holes
on the Hanford Site ('Aoodward-Clyde Consultants, 1978; Packer and

`r+ Johnston, 1979). T'nese data are being used to delineate time-stratigraohic
units and, in c:nGunction with fossils, can be used for dating and
correlating the Ringold Formation.

N

A%

GENERAL SfRAT:GRAPHIC SETTING

RINGOLO FCRMATION

The Ringold Fornation overlies the Coiumoia River Basalt Grouo within
most of the Pasco Basin, except where: ( 1) basalt croos out, ( 2) gtacio-
fluvial Hanford formation onlaps ridges aoove the margin of the Ringold
Formation, and (3) it has been eroded and Hanford sediments were deposited
directly on basalt.

The Ringold Foraation within the Pasco Basin as been divided verti-
cally into three textural facies, general'y follaNing the divisions of
Ye:vcomb (195d): (1) lower Ringold, the "blue ctay" facies consisting of
silt, clay, sand, and gravel extending upward from the basalt; (2) •niddie
Ringold, conglemerate or gravel facies; and (3) uooer R'.ngoid, clay, silt,
and sand, with some minor gravel lenses (3rown, 1959). Recent aor<
!Qoutson and Fecht, 1979; Tailman and otners, 1979; Myers, Price and
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others, 1979; Brown, 1981) has distinguished a basal unit, the predomi-
nantly gravel facies in the bottom portion of lower Ringold, as described
by Hewcanc ( 1953) and Brown ( 1959).

The division of the Riigold =ormation intj a ( 1) basal, ( 2) lower,
(3) middle, and (4) upper facies, based primarily on texture, is appropri-
ate for much (,f the central Pasco Basin. On the edges of the basin, the
character of the Ringold Formation differs `acause of derivation from
local sources.

In general, three representat!ve stratigraphic section types can be
used to describe the lateral variations of the Ringoid Formation in the
pasco Basin ( Fig. 2-2). The central portion of the Cold Creek syncline
and much of the central Pasco Basin are representative of section type I
(the four facies listed above) and illustrated in CH-12 (Fig. 2-3). How-
ever, all four textural fadies are not present throughout all the section
type I area. Much of the upper Ringold is eroded and the lower Ringold
pinches out an anticlinal ridges, and in some areas, the pasal gravel unit
is not present or cannot be distinguished from middle Ringold where the
two are in contact. The lateral distribution is shown in Figure 2-2.
A more detailed discussion of t•is section type is presented later in
t he discussion of the RRL stratigraphy.

Section type II of the Ringold Formation is found north and east of
Gable Mountain ( Fig. 2-2) and is conposed predominantly of silt, sand, and
clay as represented in OH-19 ( Fig. 2-3). Minor gravel lenses are present,
mostly north of Gable Mountain. Sediments of this section are interpreted
as floodplain overbank deposits throughout Ringold time. Erosional uncon-
formities and paleosols are aresent, but there is no evidenca of high-
energy, main-c.hannei, sedimentation characteristics of the middle and
Sasal Ringo'a facies in the central basin.

Section type III, the fanglemarat2 facies (Grolier, 1965), occurs
on the flanks of anticlinal ridges and includes the talus, slope wash,
and side stream facies which interfinger with the central basin deposits
of section types I and II (Fig. 2-2 and 2-3). This facies of the Ringoid
Formation is ccnposed chiefly of basalt clasts in a matrix of quartz and
41eldspar or basalt sand. Locally, some openwork, angular, basalt debris
is present. it is generally compacted to cemented with silica and/or
CaCO3. The unit is the result of mass wastage and runoff on the emerging
^idges during the deposition of the other Ringold section types in *_he
lower elevat`.ons of the Pasco 3asin.

Section types I and II were deposited by amajor river system wnich
flowed through the Pasco 3asin. The middle Ringold gravel of section
type I is present from Sentinel Gap a'_he west side of Gable Mountain and
througnout the central Pasco Basin to Wallula Gap, -rcept where it is
localiy eroded south of the city of Pasco ( F{g. ?-L). The main c.hannel,
meandered across the Pasco 3as:n, ceposi*.ing the time-transgressive middle
Ringold gravels and the a;sociated fine- grained sediments. Several .'1u-
via) cycles are ^ecognized +ithin section type I, but have not been corr<-
'ated across the basin. The °ir.e-grained sediments of section types I
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and II were deposited as iate:ral equivalents of the main-stream facies.
After the deposition of the upper Ringo'.d of section type I and before the
deposition of the Hanford formation, there was ama,)or period of fiuviai
incisicn and as much as 150 m of Ringold sediments were eroded across the
central portion of the Pasco Basin. The nature of these missing sediments
is not known, but tne lateral equivalent, the upper Ringold of the White
Bluffs, is a fine facies similar to the sand and silt of section type It.
crosional remnanrs of the upper Ringold are present in the west-central
part of the basin. These fine-grained sediments are either the floodplain
overhank equivalents of a now eroded channel deposit, or they represent a
low-energy, fluvial-lacustrine environment throughout the basin for all of
upper Ringold time.

4ANFOtO FCRMAT:GPI

The Pasco Basin was inundated by multiple Pleistocene floods when ice
dams failed along the glacier margin in northern Montana, Idaho, Washing-
ton, and southern ^ritish Columbia (9retz, 1923, 1925; Baker, 1973). An
estimated 2,000 2m- of water from Glacial Lake Missoula surged across
eastern Washington (Pardee, 1942), deeply scouring basalt and aggrading
thick sequences of subfluviaily deposited sediments. The floodwaters were
diverced into numerous anastomosing channels which debouched into the Pis=
3asin (Baker, 1973; Baker and Yumnedal, 1978). Water was temporarily im-

r pounded behind the underfit water gap at Wallula, with the resultant tem-
porary lake reachinc an elevation of ^.365 it in the Pasco Basin.

The sediments oeaosited in the ?asco Basin during these flood events
are i^Tormally referred to as the Hanford for:nation. The Hanford forna-
t`^n is-divided into two textural facies: (1) Pasco Gravels (Brown, 1975)
nna (2) Toucnet 3eds (Flint, 1938). The Pasco Gravels (Fig. 2-4) range in
texture from bouiders to fine sand and represent varied energy environments

yyg curing flooding. The Touchet Beds (Fig. 2-5) are made up of rhythmically
pedded, fine-grained sediments deposited in low-energy, slackwater
environments.

Floodwaters eitered the Pasco Basin by three routes: (1) through
Sentinel Gap, (2) across the northeastern flanks of the Pascp Basin in
several well-developed coulees, and (3) down the Snake River (Fig. 2-6).
The texture of the Hanford fornation varies throughout the Pascn Basin.
n general, the Pasca Gravels are coarsest immediately south of Sentinel

Gap and south of the Gapie Mountain-Gable Butte constriction, where coarse
cebris as deposited when the flcodwaters spread out into the Pasco Basin
and aeposited a swath of gravels to :iaitula Gap. Coarse gravels are also
present in the southern Pasco Basin, mhere floodwaters entered the basin
/ia the Snake River (Brown, 1981; Lindberg and Brown, 1981). The iouc!:e*_
3ecs are generai;y restrictea to higher elevations on the flanks of ridges
and up tributary valleys of the P?sco Basin away from the higher energy,
•nain-char.ne i fl cw.

The numoer cf Pleistoc_ne f,oods in eastern Washington and the °asco
Basin is not '<newn. Stratigraohic evidence for as many as 12 floods is
ropar*_ed in tne Spckane area by Stradiing and others (1980). In wor'< Cone
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for Rockwell, L. G. Hansen reported stratigraphic evidence for at least

seven floods in the Columbia River Valley in the northwestern Columbia

Plateau. The Touchet Beds in the Walla Walla Valley are interpreted to
represent "about 40" individual floods ('Aaitt, 1980) based on the assump-

tion that each major sedimentary cycle represents one fiood. B,fornstad

(19EO) concluded that these cycles represented energy pulses in one major

flood, but he did find evidence for at least two separate floods. Within

the Pasco Basin, multiole, graded sequences of Pasco Gravels and Touchet

Beds have been observed in borehotes and outcrop. Whether each sequence

represents an individual flood or merely chanees in the environment during

deposition is not known.

Locally, three sedimentary sequences identified in boreholes in the

?asco Basin (Brown, 1981) are interpreted to be three separate flood

events. In an excavation in the south-central basin, three main sequences

of Hanford sediment are interpreted to represent multiple flood events in

the late Pleistocene ( Wisconsinan, ^480,000 to 10,C00 yr before present).

Older gravels in Badger Coulee contain a petrocalcic horizon and are inter-

preted as pre-'riiscpnsinan flood sediments. More detailed analysis of bore-

hole samples and exposures is needed to refine the flood history of the

Pasco Basin.
^

Clastic dikes ( Fig. 2-7) commmiy occur in the Touchet Beds and Pasco

Gravei<_. They are also found in the Ringold and Ellensburg Formations and
in basalt. The dikes are generally vertical- to irregular-dipping fissure

^ fillings in the host sediments that are filled with clay-to-gravel sedi-

nen*_s. The mechanism for the formation of the clastic dikes is not known,
N, but they have been interpreted not to be related to permafrost, desicca-

cion, or seismic activity ( Black, 1979). Most dikes observed appear to be

filled from above and display intricate fluvial bedding with evidence for

^4 iitiple, filling events. The mechanism for opening of the fissure may be.m
related to loading and dewatering during Pleistocene catastrophic flooding

( alack, 1979; Baker 1973).

SURFICi:+L OEMJSITS

^ Relatively minor amounts of alluvium, dune sand, loess, talus,
coliuviun, and landslide debris occur in the Pasco Basin. Most of these
deposits we Holocene, but some may be as old as the Pleistocene (Lillie

and others, 1978; Myers, Price and others, 1979).

xlluvium occurs in the floodolains of the Yakima and Columbia Rivers

we in _r.e Co'd Crmk and Dry Creek Valleys. Alluvium below the elevation

of ra„or Pleistocene catastrophic flooding is Holocene, but ranges from

?leistocene to present above flood level. Some Pleistocene alluvium may

be over'.ain by the Hanford formation.

Dune sand is present throughout much of the Pasco Basin and consists

of nea:un- to fine-grained sand with minor amounts of silt. Active dunes

are oresent in the central Pasco Basin and to the north and east along the

2-1:
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Columbia River. Stabilized, longitudinal dunes occur in the south-
central portion of the Pasco Basin. Dune sand is chiefly reworked
Hanford sediments.

Talus and colluvium are present on ridge flanks. These deoosits are

arimaril,v Holocene, but are in part Pleistocene at elevations above flood

level. Basalt landslide debris is present along anticlinal ridees. Large,

partly eroded Iandslides and landslide complexes are probably Pteistocene

or older. Landslides in the Ringold Formation along the White Bluffs are
predominantly Holocene; however, some large landslide complexes are over-
lain by the Pleistocene Hanford formation. Active landsliding on the

White Bluffs chiefly is related to increased irrigation on top of the

White Bluffs as well as undercutting by the Columbia River.

SiRATIGRAP4Y OF THE REFERENCE REPOSITORY LOCATION

The Ringold and Hanford formations overlie the Columbia River Basalt
Group in the RRL area (Fig. 2-3 and 2-9). Dune sand veneers the Hanford
formation in parts of the area.

RINGOLD -CRMATION

The Ringold Formation within the RRL is composed of the basal, lower,
middle, and upper units (section type I), with some interfingering of the
fangiomerat2 and side-stream facies ( section type III) in the mestern part
of the area (Fig. 2-2 and 2-3).

Basal Rinaold

The basal Ringold unit overlies the Elephant Mountain Member of the
Saddle Mountains Basalt in the RRL and is chiefly a silty, sandy gravel to
a gravelly sand that varies in thickness f'rom 0 to >45 m(Fig. 2-2 and
2-9). The bedding struC.ure is not knovn from available borehole data.
Clasts are predominantly basalt, but include quartzite, granitic rocks,
metamorphic rocks, and other lithologies from outside the Pasco Basin.
The sand fraction is primarily quartz and feldspar. The exotic lithol-
ogies indicate a through drainage in the Pasco Basin di:ring deposition of
the basal Ringold. The dominance of basalt reflects the influence of the
side-stream and fanglomerate debris of section type III and proximity to
basalt highs. The unit is comnonly xe11 cemented with silica and/or
calcite. It is generally thicker in the deepest oart of the Cold Creek

syncline in the RRL area and is folded with the basalt, suggesting that
this unit was deposited during defcr.nation of the Cold Creek syncline
(Fig. 2-10). Previous Aork on the northern flank of the Cold Creek syn-

cline suggested that the unit was generally the same thickness throughout
;Routson and Fecht, 1979; Tallman and others, 1979) and that most defor-
aaticn occurred af:er deposition.

2-13



M

tr.

1 ^^ /

1 •^'^__

_ ^) ]^

r ^ r I

^ ^, ;

/- a •

1S' •^ . t

!1 t •.F

^ ^

/ 1 R !

- §

.".^§j^

J c

I
.

• ._- _
-----

_

_i___

._•__

^• .1 z a^ ;^''^- • >S ^ '

F ^
^_

r- -_-
.^ 0..... , ^

^ ) p
.i.I'{ _ ____

J

I
_

§ _

R

_ _ ^ .

i «

_ •

.Rq

_
^'

% A/

/,{•. ^

• /

^•

cd

i,

• /

t .^_..^._f u,^ • ^

'•

^ /^
.

,,

r

^`
.:Y tl p 1 • /•^

/

i • ^

^^/ ^/

N̂

) •r

I ^

•^ ri----_1

^ •:s(

o nd

. -_. _b
. S

,

«

^

^

/ 3

^ p +

t'

`. '

__,`+^-,-^

^•

n

r

•r)i

/

^

1_ ^ ^^ •^II

\

^ -^ ^ •.•-- - ^̂
^ r ' - ^ ^ e

I}

^^^^^ ^^ ^ ^ ,, i^

T

N

,_.

N

Z k' L 0 ^ c F E e 6



...
Ul

rrr

• .1.'it_' fin::..: ^:.::" .<:i i::'ip! i t'`?`.^ :::::
• ,^^ ^t^Y _ S .ir# - - 1 :

• ^ .1.° vx fl'. .• rw.^'jFeT^'bob•..
/'2.f, .r ,`•-..,.a ' .: '.. ,..._, - r, py ;:NO<p',",:o'^3YS1.L^Ot•i ^.

' D^• F°• .0^.•O P U^J4YtoGi 4^wOVO•^

oo a i D4^' p^!1 ^Z lu'L K ^sJ'^o: VY^^'^t'^ t"
.

e^ ^nt y^^ow^ e8 $ 3^'^^^^ao4•D-.6yao

a.: ^Z^Aa si^°ts' 3̂ -' vts. U1 m . ' :

^P , y 4 r _ P^tP- ° ^'^. 'or .D ^ c ;,•. .
. ^ I.• ^ - ° ;'r't' .S' ,! 0 ^.taYU O ^O.i Y '' `' -

t Um j5;^ - °:. _ > ^bt ^ ^ ^o A t̂ ^ . 9` `^4g•°^,, ^ " .

.u.:
a 4.°^..

2'3 '.^rt o:•°Y"'•"1>° ^t^.'.'C^•Q`'•° •°,^.w..r ;lt^^ o {̂ ŷ} tb .^c•,o°.F .
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The nature of the contact between the 'jasal Ringold and the basalt
is not fully understood, but it is assumed that regional drainage was the
dominant influence on sediment deposition in the Pasco Basin very soon
after the deposition of the last basalt flow (:ce Harl-.r Member) in the
scuthern Pasco Basin. In the RRL, the Ringold overlies the Elephant
Mountain Member, but the seeiments differ from the tuffaceous Levey inter-
bed oetNeen the Ice 4arbor and Elephant Mountain memoers in the southern
part of the Pasco Basin (Chapter 3). It is, therefore, assumed tnat most
deposition of the highly basaltic Ringold gravels occurred after deposition
of the ice Harbor Memoer. Upon continued deformation, the main channels
were confined primarily to synclinal areas with local slope wash off the
synciinat limbs. The unit includes gravel depos`*.ed in high-energy, main-
channel environments and associated fine seciments from floodpiain and
iccal lacustrine environments.

!ower Rinoold

A sand, silt, and clay facies with some gravel stringers overiies
the basal Ringold gravels throughout the RRL area (Fig. 2-a and 2-9).
This reorese^ts a low-energy, fluvial unit Hith some lacustrine facies;
the unit varies in thickness from 5 to 35 m. The unit is thickest in the
deepest parts of the syncline, generally thin• uodip, and pinches out on
anticlinal ridges ( Fig. 2-10). Fining, uoward, sedimentary cycles are
ooserved in grab samoles from we'ls, but the low well density precludes
correlating these cycies between weils. In core, the silt-clay f-action
is finely laminated to massive (Fig. 2-11).

The sand and silt are composed of quartz, feldsoar, and mica with
lithic fragments of Columbia River basalt and rocks from outsice the Pasco
3asin. The sediments are generally compacted with variable induration.

The thinning of the lower Ringold unit on the flanks of the Cold Creelc
syncline indicates that the unit was deposited during or after deforaation
of the Cold Creek syncline (Fig. 2-10). During lower Ringold time, the RRL
area, as well as most of the Cold Creek syncline, was a region of low-
energy denosition. Floodolain deposits are dominant, with some relatively
thick sequences of lacustrine deposits. Minor gravel horizons indicate
that there was periodic, minor, channel deposition throughout the region.
The contact between the basal and lower units is generally gradational,
indicating a general decrease in fluvial energy. It is not '<nown whether
this low-energy environment is representative of the entire Pasco Basin,
with subseeuent erosion of the lower Ringold sediments on the anticlinal
highs, or is only aresent in the synclinal areas N ith coeval, major,
channel cepositicn outside major synclinal areas.

Middle Rincold

ine middie cravel `acies overlies the lower Ringold and is present
throuehout the RRL (Fig. 2-9 and 2-10). It consists of pebble-to-cobble
3ravel with a matrix of sand, ailt, and some clay. The unit is uo to
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100 m thick in the RRL and contains horizons of sand and silt. The gravel
is composed of basalt and quartzite with metamorphic, granitic, and
porphyritic-votcanic rocks. The sand fraction is predominantly quartz and
feldspar, with mica and basalt conmonly a significant constituent. The
silt and clay fraction is quartz, feldspar, and snectite. The conglomerate
observed in cores from the 200 West Area and exposed at the White Bluffs,
30 km east of the RRL, has a nassive appearance with ainor imbrication
of clasts. Cross bedding is conmon in the sand 1=.nses from cores and at
the White Bluffs exposure (Fig. 2-12).

Induration varies from essentially no cementation to well cemented
by CaC03 and/or silica (SiO2). Much of the well-indurated conglomer-
ate facies is matrix supported (Fig. 2-13).

Openwork, uncemented gravel is occasionally found in core. Limited
data within the RRL do not reveal deformation of the middle Ringoid
(Fig. 2-10), but a general, arcuate, concave, ma.;ard contact mith the
upper Ringold throughout much of the Cold Creek syncline sugaests there
has been some deformation of the middle Ringold. The variations in thick-

n! ness are generally related to channels of middle Ringold into the lower
Ringold and erosion of the middle Ringold by post-Ringold fluvial activity,

r} orimarily Pleistocene flood channels.

4^. The contact with the lower Ringold is generally sharp, indicating an
aorupt change in fluvial energy environment. The conglomerate was depos-
ited in a high-energy environment and the particle roundness and exotic
lithologies suggest transport over considerable distance. T'ne Ringold

^ For.nation has long been considered to be of Columbia River drainage origin
!Merriam and Buwalda, 1917). The presence of modern Snake River litholog-
ies indicates an influence of the present Snake River drainaee ( Tallman

$ and others, 1979; Brown, 1581). Recent studies indicate that lithologies
of the modern Clear.vater and Salmon River drainages are present in the
middle Ringoid in the southeastern Pasco Basin ( RiUsnan, 1981; Webster and
others, in press). This facies is interpreted as main-channel deposition,
undoubtedly recording .nultiole erosional unconformit'es and sedimentary
cycles.

0%
Uooer Rin4old

The upper Ringold unit is present in parts of the RRL as an erosional
remnant overlying the conglomerate facies (Fig. 2-9 and 2-10). The unit
is comoosed of well-sorted sand and silt with minor amounts of clay. Thin
norizons of pebble gravel are comnon. The sand and silt fraction is pri-
marily quartz and feldspar, with locally large amounts of mica and basalt.
Quartz, snectite, and mica make up the clay frtction. Caliche horizons
are conmon and usually are present on the upoer erosional sur."ace where
the unit is moderately to well c_mented. The unit generally appears to
grade from the silty-sandy-gravel of the middle Ringolo facies. The upper
surface is erosional throughout the RRL (Fig. 2-9).
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Core samoles outside the RRL show alternating sand, silt, and clay
horizons similar to those observed in the White Bluffs (Fig. 2-14). Only
the lowermost part of the upper Ringold section found at the White Bluffs
is present in the RRL. It represents a low-energy, fluvial environment
with some lac.istrine facies, probably a floodplain of a ma;or fiuvial
system. Pebble gravels indicate small c.tiannels or perhaos extensive sheet-
wash periodically inundated the area, and paleosols reoresent extended
periods of subaerial exposure. Sediments interpreted to be loess overlie
the fiuvial sequence and are included in the upper Ringoid unit.

Erosion removed an unknown aaount of the uppar Ringold in the RRL;
that which remained was buried by the sediments of the Quaternary Hanford
formation. The timing of loess deoosition relative to the major erosion
of the uoper section of this unit Is not known. If the major erosion of
the upper Ringold occurred before the deoosition of the loess, as suggested
by the caliche horizon below the loess, the loess unit may be considerably
younger than the underlying fluvial sediments. The extensive caliche hori-
zon on most of the upper erosional surface of the upper Ringoid unit, be
it icess or fluvial sediments, suggests that the surface existed for some
time prior to deposition of the glaciofluvial Hanford formation. it also
suggests that very little erosion took place during Pleistocene 'looding
in this area of the Pasco Basin as it was generally protected in the lee
of the Umtanum Ridge-Gable Mountain structure.

HANFORD FCRMATIGY

The Hanford formation, chiefly the Pasco Gravels, overlies the Ringold
Formation throughout the BRL (Fig. 2-9 and 2-10). The sediments are made
up of gravel to sand and represent reiatively high-energy, suofluvial deco-
sition Guring Pleistocene flooding. A thin sequence of iouchet Beds is

•'`' oresent at or near the surface mainly to the west of the RRk..

The surface of the subfluvial bars is commonly armored with a lag
gravel, resulting from the winnowing of fine sediments during waning stages

-- of flooding. This has been further aceentuated by eolian deflation during
the Holocene.

N
Clastic dikes occur within the RRL. The surface expression of these

tT dikes is polygonal-patterned ground with polygons uo to tens of meters
across.

Bergaounds are very comoon uo the Cold Creek Valley and on the flanks
of Rattlesnake Mountain (Feit and Tal'man, 1978). These relatively unique
:andfars resulted from the groundina of large, glacial icebergs on the
surface of the Hanford fornation, thus orotectina the uncerlying sriiments
':-cm erosicn during draining of the fioodwaters.

2asca Gravels

ine Pasco Gravels range 'rom :,ouicers to 'ine-gra'ned sand and display
varied bedfors (ioutscn and others, Tne best exoosures :- the

2-_^?
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Pasco Gravels are in excavations for waste facilities east of the RRL.
Massively bedded, horizontally bedded ( often with fine laminations), cross-
bedded, and graded-bed sequences have been observed in these excavations.
Pasco Gravels are poorly exposed in the RRL, except for one, sna11, gravel
pit in the northern part where the gravels are cross bedded ( Fig. 2-4).
Becding present elsewhere in the Cold Creek syncline is assumed present in
the ^RL.

The gravel generally consists of <50% basalt, with some intrusive,
igneous, metamorphic, and sedimentary rocks. Source areas for the non-
basaltic rocks are the glaciated terrain to the north. Most of the sand
is arkosic, with some horizons containing a relatively high basalt content.
Mt. St. Helens Set S ash is locally present In the finer facies of the
Pasra Gravels.

The Pasp Gravels are not generally indurated, but some horizons are
moderately to well cemented with CaCO 3. These horizons are sometimes
difficult to differentiate from the Ringoid Formation in bore:^.oles.

Two coarse- to fine-graded sequences are recognized in boreholes from
the RRL. In areas where the Pasco Gravels form or fill channels in the
Ringold Formation, as many as four, graded sequences are present. it is
not known if these sequences represent separate floods or energy varia-
ticns in the depositional environment during a single flood. Current
interpretation honors tw discrete floods and is based on borehole data,
wnich incluce driller's logs (lithology, texture, and penetration rate),
geopnysical 1ogs, and stratigraphic position relative to sediments known
.o represent mui*.iple floods in the south-central Pasco Basin. Both
graded sequences generally are comoosed of a relatively chin basal unit,
consisting of poorly sorted silty-sandy-gravel mi.h clasts ranging from
pebbles to >30-ca boulders. This grades upward to a better sorted, sitty-
sandy, cobble-gravel unit overlain by sand and silt. The lower, graded
sequence often has a calcic horizon on the uooer sur,"ace, resulting in a
slower driiling rate, and aopears to be denser on geophysical logs.

Touchet 3eds

The Touchet Beds are composed of rhythmically bedded silt to fine
sand Nith stringers of coarse sand and gravel. A discrete horizon of
Mt. St. rtelens Set S ash is comnon.

Relatively minor, isoiated exposures of Touchet Beds are present in
the RRL. Toucnet Beds in Cold and Dry Creek '/alieys occur in yenerally
oroteczd areas distal to the main flood cnannel(s).

AGE r2EiATiGYS'r{iPS

The age of the sediments overlying the Columbia River Basalt Group in
z-e Pasco 3asin is extremely impor.ant in ttie deter,ainaticn of deformatien

2-2a
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rates. The Ringold and Hanford formations record deformation which may
have taken olace since the last basalt flow entered the Pasco Basin. To
establish deformation rates, it is necessary to determine as precisely as
possible the absolute age of the sediments. The methods used and results
to date are discussed for both the Ringold and Hanford formations.

RINGOLO FORMATION

The Ringold Formation was assigned a Pliocene age by Gustafson (1973,
1978) based on vertebrate fossils. Caliche from the surface of the Rin-
goid Formation at White Bluffs was dated using thorium/uranium methods at
>500,000 yr before present, or beyond the limits of the method. Attemots
to date Ringold ash horizons .ising fission-track methods have proved unsuc-
cessful because of the lack of neavy minerals and large shards suitable
for dating. The ma,jor emahasis in dating has been on the determination of
:he paleomagnPtic stratigraphies and relating these to oaieontologic data.

The upper Ringold at the ,'hite 3luffs contains microtine rodent
fossils, 3.7 to 4.8 million years old ( Recenning, in press). A Hem-

M phitlian (>4.8 million years old) rhinoceros was identified by Gus`_afson
(1978) in the middle Ringold of the White Bluffs ^ust above river level.

rl This indicates that the predominantly reversed magnetic section of the
ehite Bluffs (Packer and Johnston, I979) --oresents the Gilbert Reversed

i^ Epoch, or 3.4 to 5.25 :nybo.

"? The uaper part of the Ringold Formation in the RRL is interpreted to
be stratigraphically equivalent to the 'Ahite Bluffs section. The ero-

^• sionai remnant of the uooer Ringoid in the R.4L is, therefore, >3.7 million
years and the ^iddle Ringold is >4.8 million years. The underiying E1e-
phant Mountain ;lember (i0.5 arillion years) limits the max•.mum age of the
Ringold Fornation in the RRL. However, in the southern part of the Pasco
3asin, the ?ce Harbor Memer (3.5 million years) and the Levey interbed are
stratigraohically above the Elephant Mountain Member. Based on strati-
graphic position, the basal Ringold in the Pasco Basin is interpreted to be
post-tce Harbor iMember (8.5 million years) in age. Ttiterefore, the Ringold
Formation in the RRL is :oncluded to be >3.7 and <8.5 million years old.

CN

0%
HANFORD FCRMATION

The number and age of Pleistocene floods that inundated the Pas^^
Basin is not known, but at least three events have been dated using C
and thorium/uranium methods and the Mt. St. Helens Set S:sh horizon.

Pre-:lisconsinan Flcod Oeoosi_s

Gravels cemented with CaCO, and assumed to be of Pleistocene flood
origin are oresent in ?adaer Canyon. Three thorium/tiranium age dates on
the caiicne fr;m the ;,etroca':cic iorizons in these gravels yielded aqPS of

2-25
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200,000 (+250,000 -70,000), 220,000 (+380,000 -70,000), and >210,000 yr
(Tallman and others, 1978). These gravels may be correlative to flood
gravels in the Cheney-Palouse channeled scabland tract north of the Pasco
Basin (Patton and Baker, 1978; Baker and 3unmedal, 1978). The Cheney-
Palouse gravels are interpre*.ed to be pre-3u11 Lake in age (155,000 to
130,000 yr old) (Pierce and others, 1976). Gravels of this age range have
not been identified in the RRL bareholes to date, but ^•d km northwest of
the RRL is an isolated outcrop of gravels which have similar field charac-
teristics as the Badger Canyon gravels and may be corretative.

Wisconsinan Flood Deposits

The oldest 14C data on the Hanford formation is in a normal-graded
sequence containing clastic dikes located in the south-centrai part of the
Pasco Basin. This sequence was eroded during a later flood that truncated
tte clastic dikes and deposited a later flood sequence. Slood fragments
'rom the truncated clastic dike were dated at >32,000 radiocarbon years
before present. The upper limit of the age is not known, but wood samples
from flood gravels near Wanapum Oam were dated at 32,700 :t900 radiocarbon
years before present ( Fryxell, 1965). These may represent the same flood.

The last major Pleistocene scabland flood occurred ^.13,000 yr ago,
based on the occurrence of Mt. St. Helens Set S ash within the flood de-
posits and 14C dates on or ganic sediments above and below Mt. St. Helens
Set S ash near the source ( Mullineaux and others, 1977). Mt. St. Helens
Set S ash is present throughout the Pasco Basin, co mroniy occurring in the
:ouchet 3eds, but also present in the PascA Gravels. In Cold Creek and
Dry Creek Valleys, Mt. St. Helens Set S ash is present in Touchet sedi-^
-en*s under bergmounds (Fecht and Tallman, 1978).

Nood from a clastic dike in a flood bar southeast of Gable Mountain
was dated at 18,705 (+1,515 -1,275) radiocarbon years. These sediments
are stratigraphically related to the most recent, major, flood deposits
and the current interpretation is that the wood was redeposited from older
material. Another factor to support this conclusion is that evidence from
radiocarbon dates in southern British Columbia indicate that the last major

- aisconsinan advance in the r:orthern United States began after 17,500 to
18,000 radiocarbon years before present (Clague and others, 1980). This
makes an 18,705 (+1,515 -1,275) radiocarbon years flood in the Pasco Basin
highly unlikely, if not impossible.

0%
In summary, there are three, dated, fiood sequences in the Pasco

3asin: (1) a pre-Wisconsinan flood or floods with a well-developed calcic
cement, (2) a%tisconsi.7an event >_2,CC0 radiocarbon years :efore present,
and (3) a late Wisconsinan flood(s) associated with Mt. St. Helens Set S
ash ^,13,000 radiocarbon years before oresent (Fig. 2-11.
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SUWARY AND CCCICLUSICYS

The post-Columbia River Basalt Group sediments of the Cold Creek syn-
cline are composed of two ma4ar units: (1) Ringold Formation, a Miocene-
Pliocene fluvial unit with some lacustrine facies; 3nd (2) Pleistocene
glaciofluvial sediments, informalty termed the Hanford formation. Oeoosi-
:ion of the Ringold Formation by ancestral streams flowing through the
Pasco Basin started shortly after cessation of basalt flows. The Hanford
formation was deposited by catastrophic floodwaters which inundated the
Pasco Basin when glacial ice dams failed in Montana, Idaho, northern Wash-
ington, and southern British Columbia. ninor units include the Pleistocene
and Holocene talus, colluvium, alluvium and loess, landslide debris, and
Holocene dune sar Is.

The Ringold Formation overlies the Columbia River Basalt Group within
most of the Pasco Basin. The division of the Ringold Formation into a
basal, lower, middle, and upper facies, based priinariiy on texture, is
approoriate for much of the central Pasco Basin. The oredominant texture
of each of these four facies is as follows: (1) basal-silty, sandy gravel
to a gravelly sand; (2) lower-sand, silt, and clay; (3) middte--oebble-to-
cobole gravel with a sand, silt, and clay matrix; and (4) uooer--sand and
silt.

In general, three representative stratigraphic sections can be used
to describe the lateral variations of the Ringold Formation in the Pasco
Ba;in. The central portion of the Cold Creek lqnciipe and •nuch of the
central Pasco Basin are of representative section type I, the four vertical
facies listed above. Section type II of the R'7gold Formation north and
east of ;,able Mountain is comoosed predominantly of silt, sand, and clay.
This section is interpreted to represent floodplain overbank sedimentation
throu^,hout Ringold time.

Section type III is the fanglomerate facies on the flanks of anti-
clinal ridges and includes the talus, slope wash, and side-stream facies
#nich interfinger with the central basin deposits of section types I and
i:. This facies of the Ringold Formation is chiefly composed of basalt
clasts with a matrix of quartz and feldspar or basalt sand. The unit is
the result of mass wastage and runoff an the -energing ridges during the
deposition of other Ringold section types in the lower elevations of the
Pasco Basin. Section types I and II were deoosited by a major river
system which flowed through the Pasco Basin.

The sediments deposited in the Pasco Basin during catastroohic flood
events are informally referred to as the Hanford formation. The Hanford
formation is divided into No textural facies: (1) Pasco Gravels and
(2) Touchet Beds. The Pasco Gravels range in texture from t oulders to
fine sand, reprgsenting var,ed energy environments during flooding. The
'ouchet 3eds are made uo of rhythmi:atly b edded, fine-arained sediments
deoosited in low-energy, slackwater environments.
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The number of Pleistocene floods in eastern Washington and the Pasco
Basin i's unknown. Within the Pasco Basin, multiple, graded sequences of
Pasco Gravels and Touchet Beds have been observed in Soreioies and out-
crops. Whether each sequence represents an 'ndividual flood or merely
changes in the energy environment.during deoosition is not <nown. i_ocally,
three sedimentary sequences have been identified in the pasco Basin bore-
holes and are interpreted to be three separate flood events.

The Ringold and Hanford formations record the deformation which has
taken place sinee the last basalt flow entered the Pasco Basin. In order
to establish deformation rates, it is necessary to determine, as oreciseiy
as oossibie, the absolute age of these sediments.

The major emphasis for age determination of the Ringoid Format'.on has
been on the determination of the oaleomagnetic stratigriohy, and using
oaleont..alogic data, assigning age ranges to the formation. Fossils from
the upper Ringold Formation indicate an age of 3.7 to 1.8 million years
and that the predominantly reversed magnetic section represents the
G1lbert Rev-sed Epoch. The basal Ringoid is interoreted to be mainly
post-Ice Haroor in age. Based on these assumptions, the Ringold Fcr.na-
tion in the RRl is interpreted to be >3.4, but <8.5 million years old.

The nunoer and age of Pleistocene floods to inundate the Pasco Basin
are not <n^wn, but at least three events have been dated. These three
flood seauences in the Pasco Basin are: (1) .. pre-Wisconsinan flood or
floods, ( 2) a'aisconsinan event >32,000 rndiocarbon years before present,
and (?' a late 'aisconsinan flood(s) associated with Mt. St. Helens Set S
ash ^•13,000 radiocarbon years before present.
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